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"Maximal*  srork  taate  hare  been  carried  out  on  20  subjects,  and  eub- 
■aximal  notk  testa  cn  a  further  20  stibjeots,  using  an  electrically  braked 
bicycle  ergcoetei^ 

2.  ^^^Uoulng  ttic  inhalation  of  OB  (nocdnal  dose  5  vc/kg)  there  uas  a 
8.vul  decrease  in  "innximai"  rate  of  working  relatiTe  to  control  days; 
following  tne  inhalation  of  isopropanol,  there  was  a  small  inoreass  in 
the  rate  of  woridng  relative  to  control  days  The  difference  between 
"test*  and  "control"  sert^a  was  of  narginBl,.sd^iflcance  (0.05  <  P  <  0.1 ), 
and  o<Blld.  ba  akplalnnil  ewtdTWiy~in*Te»p8  of  increased  work  of  breathing. 

3.  ^^ubMMufiaal  work  tests  showed  an  increase  of  oxygen  consumption  follow* 
ing  inhalation  of  i8opropanQl.'''~Thin  again  could  be  explained  in  terms  of 
an  increase  in  the  woric  of  breathing^'^Zhe  "test"  series  showed  no  inoreasc 
cf  wentilstion  following  inhalation  of  SB,  ioplying  ^t  the  increase  in 

0,  ooasuBption  was  aohiered  by  an  increased  effioioncy  of  gas  transfer  in 
the  lungs;  no  change  of  pulse  rate,  rise  of  body  tompomtuio,  respire.tory 
rate,  tidal  volume,  respirciory  quotient,  or  ventiluloiy  valent  for 
a:Qrgcn  was  observed  follomog  adcdnistratlan  of 
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Dm  grot^  inhaling  iaoproponol  shoiMd  a  aignifioant  inereaae  of 
aztraTentllation  in  tfaa  adn  foUovdng  exeroise  on  the  teat  thia 
reapome  \ma  not  anown  hy  thoae  Inhaling  GB. 

4.  Local  qrs^toma  of  GB  Inhalation  were  unnotioed  during  vigoroua  exeroiae 


(Sgd.)  Z,  Lovatt  Brana, 
Head,  Phyaialogy  Section. 

(Sgd.)  ¥.8.8.  Udell, 

SJS/DG  Aaaiatant  Blreotor  (Hedloal). 
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INTBOSOCTION 

No  Blgnlfloent  ohanse  of  olroulatory  (1,2)  or  psyoboootor  (3)  paranetera 
oan  be  detected  In  resting  man  following  exposure  to  moderate  single  breatii 
doses  of  G3  (nominal  3  seems  established  that  the  effects  of 

GB  am  ius  trio  tea  under  these  oonditions  to  (a)  a  modest  and  rather  tras-* 
sisnt  looal  aotlon  on  the  respiratory  tract  (4,5),  and  (b)  an  infaibitioa  of 
esterases  in  the  blood  stream  (4),  The  extent  to  which  these  responses  to 
SB  are  modified  by  exercise  is  less  certain.  8\d>Jeots  hare  ocnmented  follow¬ 
ing  single  breath  inhalations  of  SB  that  respiratory  eoharresmsnt  mi^ 
oause  diflioulty  in  running  (4),  and  there  have  also  been  reports  of  vomiting 
in  subjects  ■oho  had  exercised  follovd.ng  relatively  heavy  contamination  of 
the  skin  (300  mg)  with  liquid  SB  (6). 

In  the  present  experimented  woric,  "maxlcsl”  and  eub-uodmal  tests  were 
oarrisd  out  on  the  bicycle  ergometer  in  the  period  inaediately  subsequant 
to  a  single-breath  oral  Inhalation  of  SB  (nominal  dose  3  an 

atteapt  to  doflna  what  effect  if  ajy  such  a  dose  of  ssi„ht  on  tae 
rate  of  woxidng,  end  on  wrlous  parameters  of  vsntilato/y  and  u-  '  '..iao  p.or- 
foraanoe  during  exercise. 
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Qm  itibjaotf,  aged  13>31  yi't  «*»  ohoMu  from  the  ToluntMrs  oosiiis  to 
Portoc  after  a  rlgoroua  aedloal  axaadnatloo  and  P^A  cheat  radlognph  t.o 
eroluda  $ay  men  vltfa  paasihle  pulmomarjr  dlaeaaea.  Blood  aaaqplaa  were  taken 
for  okdllneaterasa  estimatitat^  end  no  man  iriioae  red  cell  or  plaaaa  oho''".' 
esterase  was  below  "normal  limits"  was  used  as  a  subject. 

nreutf  naa  performed  ^  ezexolse  test  daily  for  fire  suooessire 

days.  Inedlately  before  the  ride  m  Day  3>  half  of  then  ware  giren  a  single* 
breath  of  GB  rapour  in  an  alr/iacpropanol  rapour  mixture  (4)«  and  the  otiter 
10  men  took  a  single  breath  of  the  air/laopropanol  rapour  alone.  A  furitter 
twenty  aubjeots  oarried  out  sub-maxiaal  tents  thrioe  daily  for  ten  suooesslre 
days.  On  the  third  day  of  the  second  reek  (Day  8),  half  were  giren  (SB  sad 
half  the  limoour.ua  rapour  as  in  the  maxi  mad  exercise  tests. 

Sxercxse  testa 

An  eleotnoally-braksd  bicycle  ergooeter  was  used  in  all  tests.  Details 
of  the  apparatus  and  calibration  curres  are  giren  In  an  earlier  report  (7). 

M  "Mmiiwa"  exeroise.  After  a  13  adn  rett  period,  subjects  were  instructed 
to  tide  the  bicycle  as  fast  as  they  were  able  for  a  5  Bii>  period.  During  this 
period,  the  man  were  continually  encouraged  to  keep  vp  their  effort.  Most 
subjects  nainteined  a  pedal  qpeed  of  45^  r.p.m.;  on  a  nonsally  geared  idisel 
bicycle,  43  r.p.n.  would  ooarrespond  to  a  roadspeed  of  about  10  m.p.h.,  main* 
talned  19  tba  "steep  hill"  prorlded  by  the  external  load. 

nw  areinge  rate  of  working  (watts)  Tfas  noted  esoh  diy,  and  os  W;-  3 
ths  expired  eir  was  oolleoted  in  a  Dou^as  bag  for  aatlmatlon  of  xv’iuJr'ttoxy 
minute  rol\ae  and  oaibon,  dioxide  output  orer  the  .  ::rlod  2^  -  min  frtet  the 
beginning  of  the  exerolee. 
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(b)  Sub-marlna*'  exaiwlsa.  After  a  15  min  rest  period,  u  oonstent  r»ie  of 
working  of  125  watts  (74^  kg.i0>iif  and  about  80^  of  "maxiam"  for  these 
subjaots)  wab  raainvained  for  15  min,  and  subjects  were  followed  for  a  further 
15  min  during  the  recovery  period. 

At  the  first  run  of  each  day,  measurenant  was  made  of  respiratory 
minute  volume  by  dry  gas  aster  (readings  being  obtained  at  half  minute 
inl^rvals  throughout  the  45  min  period),  pulse  rate  (b  efore,  0,  1,  ',  "it  4,  5 
end  15  a1.n  after  evewise),  and  rectal  teuyerature  (bef.:”?,  0  and  15  min 
after  exercise)^  On  Days  1,  5,  7*  8  and  9,  oxygen  cons'vnption,  CO,  output, 
and  respiratory  rate  were  also  measured  during  the  last  rdnute  of  exemise. 

CB  adsdnistration  and  Cholinesterase  depression 

Tor  the  "aixiaal*  exercise  tests,  (9  was  administered  by  the  standard 
aingls-breatii  technique  (4).  At  the  time  of  these  tests,  the  weather  was 
oold,  and  coos  difficult  was  encountered  with  oondensatlon  of  vapour  in 
the  toao);»'';8r,  iSw  ehoUnestwrase  depressions  (red  cell  18,3  i  12,7^, 
plasma  14*0  j;  7.5^  suggest  that  net  more  than  about  a  half  of  the  nominal 
dcae  of  5  actually  Inhaled.  !Iba  technique  of  GB  adminiatration 

was  modified  for  the  eub-maximal  exerclae  tesla  by  (s)  keeping  the  temooetar 
waiisad  on  a  radiator  until  the  moment  of  Inhalation,  and  (b)  asking  the  sub¬ 
jects  to  taka  several  deep  breathe  fxxmi  the  tonometer  until  they  were  no 
lOTger  able  to  notice  any  taste  in  the  mixture.  With  the  modified  procedure, 
oholinesterese  depreesions  (red  cell  55.3  ^  7.8^,  plsaoa  19.2  ♦  7.2^  were  a 
little  greater  than  previously  reported  (4);  it  Is  probable  that  some  SOjt  ol* 
the  nominal  dose  was  retained  in  the  body. 

"Control*  inbslatioR 

Iho  "oOTtrol"  mixture  contained  the  sane  volume  of  icopropancl  vspom- 
(  -70  yl.)  to  that  present  *n  the  tonometers  oontaining  QS  vapow- 


•  1  watt  «  5.97  ks.m/min  «  44.2  ft.pd/min, 
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■I*  axerolB*  teata 

(a)  "Control*  yalttas.  On  the  first  day  of  testing,  snbjaots  were  able 

to  work  at  an  awerage  rate  of  141-183  watts  (842-1092  kg.nv^iB)  ^e 
3  min  period  (Table  1 ) .  All  snb jeote  thought  that  sotlTity  had  been 
limited  mainly  by  aching  or  tirednoas  of  the  leg  muscles ;  about  half  of 
the  aubjeots  felt  that  shortness  of  breath  had  also  been  a  i  uaitlng  fee  .or, 
and  one  man  (19)  felt  "sick*  towards  the  end  of  his  test.  best  performer  ( 

bad  been  a  olub  oyollst;  the  remaining  subjeots  bad  no  speolcd  oxperlenoe  as 
oyolists. 

There  was  no  slgnlfioant  iii;»rovement  of  "maxlfflUB*  effort  with  repetition 
of  the  teat,  althoagh  sereral  subjeots  ooomented  that  the  ride  seemed  easier 
on  the  second  and  subsequent  days.  "Control*  values  for  bay  3  have  thus 
bean  oaloulated  as  the  mean  of  results  for  bays  2  and  4. 

(b)  Sffeot  of  in  7/l0  subjects  when  given  CB  (Pay  3)»  the  rate  of 
working  was  less  then  on  the  previous  and  succeeding  days.  However,  the 
mean  loss  of  working  oi^aci^  for  the  gro\9  (-2.3  ^1.8  watts)  was  small, 
and  not  atatletloally  slgnlfioant.  The  mean  performance  of  the  oontrol 
subjeote  waa  better  on  Day  3  than  on  biya  2  and  4,  but  not  aignifloantly  ao 
(see  Table  1). 

The  iacidenoe  of  ohest  sysq>tone  after  CB  waa  lass  than  under  resting 
ooz^tions  (4):  only  1/10  subjects  ooemMated  on  an  Inoreased  diffloully  of 
breathing  Curing  the  ride,  and  5/^0  found  it  easier  on  Pay  3*  Where  *tlght- 
ness  in  the  ohest*  waa  noted,  this  did  not  ap{>ear  for  some  10  min  after 
ceasing  the  ride  (l.e.  23-30  min  after  the  On  inhalation). 

(o)  Ventilatory  meesurementt.  Tl>e  req;>iratoiy  minute  volume  tmd  oariv:.. 
dloadde  output  -  4^  odn  after  onucenoing  ttie  eze*-  .dse  on  t  y  5  wero  i ' 
the  normal  eapeoted  range  for  this  rate  of  working  (8).  Both  "test*  and 
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"control"  ivovpt  showed  a  sigalfloant  reduction  in  the  rate  of  working  on 
5  relative  to  pcrfomanoe  on  previous  days.  Parallel  e^qierisents,  con¬ 
ducted  over  a  fi«i  day  period  but  without  use  of  a  Douglas  bag  on  the  fifth 
dv  have  not  shown  this  decrsaant  of  parforBan^s  (7),  and  the  effeat 
observed  in  the  present  wonc  can  prbbably  be  attributed  to  tha  respiratory 
resistance  offered  by  the  moutt^iece,  boat-valve,  and  Douglas  '.-xgj  although 
the  added  areaistaese  is  not  great  ( •»  2  cm  H,0/l/seo  at  85  j/dLn  flow), 
ttis  effect  on  "naalBal"  perfomenoe  was  Broeter  limn  ihet  of  the  »0 
inhalation. 

2*  Sub-naxinal  exeiMiae  testa 

(a)  Control  values.  Perfontanoe  over  the  two  week  test  period  followed 
the  genexwl  pattern  previously  described  (7).  There  were  no  significant 
differences  in  any  of  the  parsaeters  aeasumd  between  days  7  and  9,  and 
control  values  have  therefore  been  calculated  as  the  mean  of  results  on 
those  two  d^s. 

(b)  Iffvut  of  GB.  The  only  change  seen  following  inhalation  of  GB  on  Day  6 
was  a  small  Inorease  of  owygen  oonsueption  relative  to  control  values 

(+  64  ♦  32  b1  8Tn>/n^)l  this  was  of  marginBl  sigaifioanoe  (O.05  <  P  <  0.1 ). 
nie  gro\9  who  Inhaled  iaopropanol  on  Day  8  showed  a  decrease  of  ogrgen 
consumption,  perhaps  due  to  anxiety,  end  the  true  extent  of  Ihe  change  in 
ojQTgen  oonsvqption  due  to  is  thus  given  by  the  difference  between  the 
test  (GB)groq>  and  the  control  (isopn^anol)  series)  this  difference  is 
statlatloelly  slgnifloant  (d«<  98  42  tH/ain,  0.02  <  P  <0.05). 

(0)  Effect  of  isgpropan^l.  Oxygen  oonsuiqption  and  C0«  outyut  were  deoreos 
on  Day  8,  relative  to  control  values.  IThe  ventilation  was  ■:.--.guii..cantilr 
Increased  following  exercise  on  the  test  day  (extraventlJ.'i.tio:.  r..  ',3  sin 
after  exercise  +  1.80  +  0.74  l/mln  AlPS,  relative  to  control  v-V;.-es). 
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Little  attention  has  previously  been  paid  to  quantitative  aspects  of 
physical  woitlng  opacity  during  or  following  the  inhalation  of  anti- 
sholinestoruses.  Vosilting  has  been  desoribed  as  a  sequel  of  exeroise  in 
stibjeatB  giv«i  large  percutaneous  doses  of  (tt  (6),  Ixsrolse  during  chaniber 
e^osures  to  has  also  increased  the  "toxlol'fy*  of  this  agent  to  esperl- 
mental  animals  (9),  but  this  could  be  a  secondaiy  manifestation  of  (i) 
larger  dose  of  Ol  inhaled  for  a  given  ot  with  increase  of  resT>'..'atoxy  minuta 
volwira,  and  (il)  changes  in  the  rate  and  site  of  abaoipfclon  v^th  more  zvqiid 
inhalation  of  the  agent  (9,  10).  In  the  present  work,  varlatioos  of  dose 
and  rate  or  site  of  absorption  with  exeroise  ir?ra  avoided,  since  the  t>B  was 
given  under  standard  conditions  prior  to  the  exercise.  A  decrease  of  maxi* 
nun  breathing  otqiaoiiy  has  also  been  desoribed  following  inhalation  of 
(11,  12);  this  probably  represents  a  loool  effect  of  0&  on  airway  resletanoe 
rather  than  «.  general  deoreaae  of  musoular  oeq^ity. 

The  presc..^  woric  shows  that  ?.odox*ete  doses  of  GJ)  have  little  influence 
on  either  the  "maximal*  rate  of  worldag  or  the  perfoxaanoe  of  sub-maximal 
work  tests.  Objeotions  to  "maxtaal"  work  tests  ars  well  reoognised.  The 
level  of  aohievement  may  depend  to  a  considerable  extent  epon  the  motivation 
of  the  edbjcots,  their  personality,  and  attitude  to  the  tests  (7);  however, 
piycbologioaliy  "nomal*  individuals  will  perfoni  one  9  min  fide  dally  for 
9  days  without  laormmsnt  of  effort  due  to  loas  of  ;  otlvatlon,  and  in  both 
"teat”  and  "control*  saxiaa  of  the  present  group  there  waa  in  general  good 
agraaiasnt  in  the  reauCLts  for  Says  2  and  4  (whan  no  treatment  was  ipplled). 
Ibua  unlaas  motivation  was  spsoifioally  distuxbed  by  the  treatment  on  Say  9i 
ary  ohange  In  the  rate  of  working  on  Say  3  relative  to  Bays  2  and  4  should 
be  attributable  to  the  treatment  applied.  The  largest  differens'  is  cbt.'lced 
if  the  rasponse  of  the  "test"  serlcv  4  GB  (-2,3  i  1.8  watts)  is  coaparir' 
with  the  response  of  the  "oontrol”  series  4  isopropanol  {*  +  1,3  watt  -.). 

Iv«i  oaloulated  in  this  way,  the  dlfforenoe  in  bcii&viour  of  "test*  and 
"oontrol*  series  (-4«2  j;  2.2  watts)  is  of  marginai  signiflcanoe 
(0.09  <  P  <  O.IO),  sad  could  easily  bs  explained  in  tens  of  ea  inorsase 
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in  the  work  of  breathiiig  due  to  bronohospasm,  without  postulating  any  more 
general  alteration  of  musoular  performance.  Indeed,  a  alsdXar  reduction 
in  the  "maximal''  rate  of  working  is  seen  when  using  standard  respiratory 
equipment  suoh  as  a  Douglas  bag  or  a  respirator. 

The  increase  of  ojQrgen  eonsuoption  during  the  stb-maximal  work  tests 
can  similarly  be  attributed  to  an  inorease  in  the  work  of  breathing.  The 
foot  that  this  inorease  of  oxygen  oonsun^tion  is  aohiered  without  a 
parallel  Inorease  of  ventilation  suggests  that  the  inhalation  of  anticholin¬ 
esterase  may  have  inoreaaed  the  effioienoy  of  gas  vrana^r.r’  in  tne  lungs. 

Scdun  er^denre  in  st^port  of  this  view  was  found  in  earlier  studiea  of  carbon 
fflonoLdde  uptake  following  inhalation  of  CB  (13). 

nth  larger  doses  of  &B,  the  work  of  breathing  might  *oe  increased 
further  by  changes  in  lung  an^or  ohest  compliance,  and  alterations  in  the 
efficiency  of  the  req;)iratoiy  muscles.  Reduction  of  cardlao  output  (14) 
would  further  limit  transfer  at  cnygen  from  the  lungs  to  the  tissues,  and 
pcripheirl  effects  such  as  aocumulatioo  of  acetylcholine  might  reduoe  the 
msolianioo}.  el'fi.xenoy  of  the  leg  mu..oles  per  so.  However,  present 
evidence  l£)  suggests  that  none  of  these  effects  would  be  very 
inportont  unless  the  dose  was  close  to  the  lethal  level;  this  is  thus  a 
hypothesis  that  cannot  be  tested  experimentally  in  man. 

The  fact  that  local  sycptons  of  antloholinesteraoe  poisoning  are  less 
obvious  rdien  the  mind  of  the  subject  is  diverted  by  rtrenuous  exercise  is 
perliaps  not  surprising,  but  if  the  sane  is  true  of  systemio  symptoms, 
this  would  present  an  luportant  obstacle  to  any  scheme  of  therapy  where 
part  or  all  of  the  treatment  was  withheld  unt-tl  such  sya^toms  appeared. 
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